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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 at 
Brookhaven National Laboratory. It is funded by the “Rikagaku Kenkysho” 
(Institute of Physical and Chemical Research) of Japan. The Center is dedicated to 
the study of strong interactions, including hard QCD/spin physics, lattice QCD and 
RHIC physics through nurturing of a new generation of young physicists. 

During the first year, the Center had only a Theory Group. At present, the 
Theory Group consists of nine Postdocs and Fellows and has an active Visiting 
Scientist program. In addition, the Center organizes workshops centered on specific 
problems in strong interactions. 

Now, at RBRC’s Scientific Review Committee Meeting we have an active 
Experimental Group with several scientific collaborators, one Postdoc and one 
Fellow. The construction of a 0.6 teraflop parallel processor, which was begun at the 
Center on February 19, 1998, was completed on August 28, 1998. In addition, a new 
Tenure Track Strong Interaction Theory RHIC Physics Fellow Program is under 
way. To this date nine institutions have joined this initiative. The Center had has 
held twenty workshops thus far. 

Each workshop speaker is encouraged to select a few of the most important 
transparencies from his or her presentation, accompanied by a page of explanation. 
This material is collected at the end of the workshop by the organizer to form 
proceedings, which can therefore be available within a short time. 

T. D. Lee 
May 28, 1999 
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RBRC Scientific Review Committee Meeting 

May 27-28,1999 
Brookhaven National Laboratory, Upton, NY 11973 

The second evaluation of the RIKEN BNL Research Center (RBRC) took 
place on May 27 and 28, 1999, at Brookhaven National Laboratory. The members of 
the Scientific Review Committee were Professors Akira Masaike, Larry McLerran, 
Jack Sandweiss, Horst Stoecker, ,and Akira Ukawa. Professor Ukawa was unable to 
attend. In order to illustrate the breadth and scope of the program, each member of 
the Center made a presentation on his research efforts. In addition, the progress and 
status of the RBRC Supercomputer program was evidenced in both a tour of the 
facility and a presentation on its status, Although the main purpose of this review is 
a report to RIKEN Management (Dr. S. Kobayashi) on the health, scientific value, 
management and future prospects of the Center, the RBRC management felt that a 
compendium of the scientific presentations are of sufficient quality and interest that 
they warrant a wider distribution. As such we have made this compilation and 
present it to the community for its information and enlightenment. 

Thanks to Brookhaven National Laboratory and to the U. S. Department of 
Energy for providing the facilities to hold this meeting. 

T. D. Lee & N. P. Samios 
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RIKEN BNL Research Center 
Bldg. 510, B,rookhaven National Laboratory, Upton, NY 11973, USA 

RBRC Scientific Review Committee Meeting 
Brookhaven National Laboratory, Upton, NY 

Physics Department, Building 510 
May 27-28,1999 

Agenda 

Committee Members: Akira Masaike, Larry McLerran, Jack Sandweiss, 
Horst Stoecker, and. Akira Ukawa 

Thursdav, Mav 27 
Orange Room 
12:OO Noon Executive Committee Working Lunch 

[Committee Members and T.D. Lee, N.P. Samios, M. Yanokura and H. Horiel 
Present Status of the RIKEN BNL Research Center T. D. Lee/N. P. Samios 

Small Seminar Room 

1:30 PM 

1:45 

2:oo 

2:15 

2:30 

2145 

3:oo 

3:15 

3:30 

Anthony Baltz, Chair 
Kaon Weak Matrix Elements with Domain Wall Quarks 

The Parity Partner of the Nucleon in Quenched QCD 
with Domain Wall Fermions 

Quark Masses Using Domain Wall Fermions 

Topics in the Physics of RHIC: Parity Violation in 
Hot QCD, Heavy Quarks, Spin, and Nuclear Collisions 

Azimuthal Asymmetries at RHIC 

One-loop Calculation of 5 Gluon Amplitudes in the 
Background Field Gauge 

Parity Violation Through Color Superconductivity 

The Chiral Phase Transition. in Flavor SU(3) and 
Possible Signals for RHIC 

Break 

Thomas Blum 

Shoichi Sasaki 

Matthew Wingate 

Dmitri Kharzeev 

Daniel Boer 

Yoshiaki Yasui 

Dirk Rischke 

Jiirgen Schaffner-Bielich 

-over- 
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RBRC Scientific Review Committee Meeting Page 2. 

Thursdav, Mav 27 
Small Seminar Room 

3:50 
Gerry Bunce, Chair 

RHIC Spin Physics and the Experimental Division 
of the Center 

Gerry Bunce 

4:05 Spin Work of the Roundtable Group Naohito Saito 

4:20 Work on the Electromagnetic Calorimeter 
of PHENIX 

Alexander Bazilevsky 

4:30 RHIC Spin: Online Monitoring and Transverse Spin Matthias Grosse Perdekamp 

4:40 A New Polarimeter for RHIC Kazuyoshi Kurita 

4:50 The New Computer Center for PHENIX in Japan Yashushi Watanabe 

5:oo Concluding Comments Masayasu Ishihara 

5:15 Executive Session - Orange Room 

6:30 PM Reception & Dinner - Berknw Hull” 
[In conjunction with the Workshop on Gauge-Invariant Variables in Gauge Theories] 

Fridav, Mav 28,1999 
Orange Room 
COO AM Executive Session (Continental Breakfast) 

Small Seminar Room 
8:15 -8:45 AM QCDSP Project Norman Christ/ Robert Mawhinney 

8:45 - 9:15 Tour of 1 Teraflop Computer 

9:15 Orange Room Reserved for Theorists Host Liaison: Anthony Baltz 

Conference Room 2-72 Reserved for 
Experimentalists 

Host Liaison: Gerry Bunce 

12:00 Noon Lunch - No Host - Berkner Hall, Room A Reserved 
Executive Session 

Orange Room 
1:30 PM Scientific Review Committee 

Meeting with T. D. Lee and IV. P. Samios 

*Please note the change of location of the reception and dinner. 
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l CP violation 
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QCD calculations 
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New Tenure Track Strong Interaction Theory 

RHIC Physics Fellow Program 

Each Fellow spends half time at RBRC and half at the participating institution 

Each participating institution must hold a tenure track position in strong 
interaction physics 

(high energy nuclear theory, RHIC phenomenology, perturbative and lattice 
QCD, hadronic spin physics, hadronic spectra and their transition matrix elements) 

At present there are nine participating institutions: 

Arizona, BNL”“, UCLA*, Connecticut *, Ohio State, Illinois (in Chicago)*, 
SUNY (Stony Brook)**, Yale**, Columbia* 

**Offer accepted 
*Offer made (or in progress) 



*in progress 
33 
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THEORY PRESENTATIONS 
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Kaon Weak Matrix Elements with Domain Wall Quarks 

Thomas Blum 
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Lattice QCD with Domain Wall Quarks 

l Quenched QCD, p =: 6.0, 163 x 32 x 16, 

m = 0.01 - 0.125 

l 50% of RIKEN BNL QCDSP (3 x 100 GFLOPS) 

l Kaon weak matrix elements (Slum) 

l Spectrum and quark masses (Wingate) 

l Negative parity baryon spectrum (Sasaski) 

RBC Review 

41 

Lattice QCD with Domain Wall Quarks 



DOMAIN WALL QUARKS 

l Kaplan: Add extra 5th dimension with mass defect, or domain 

wall. 4d Chiral zero modes bound to domain wall. 

l Shamir: couple both Weyl fermions to same 4d gauge field 

and simulate vector theory(QCD). 

l Chiral symmetry is manifest, left-handed and right-handed 

quarks are globally separated in the 5th dimension. Explict break- 

ing from quark mass m, same as in continuum. 

l Overlap induces exponentially small additive quark mass. Chiral 

limit: NS + 00, r-r&quark = mM(2 - M) + 0. 

RBC Review Lattice QCO with Domain Wall Quarks 



02 

IL 
V 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

6/g2=6.0 

M=l.'I(B-S, NERSC) - 

M=ld(QCDSP) i 

0.05 

m 

43 

0.1 0.15 



0.8 

0.6 

C. Dawson et al (RBC Collab.) ZLL/Z$ Beta=6.0; Ns=l6; Configs= 

*t ** + l q * l 

LL * 
LL/LR L--X---! . 

LU(S-p) I--3K---! 
LL/(S+P) +..fTJ . . . .._i 

LL/TT l---l).-4 

(aP)* 

2.5 



Kaon B parameter (p=2GeV,NDR) 

0.8 

0.7 

0.6 

0.5 

I I I I I I I I I I I I I I 
l DWF (RBC Collaboration) 

(QCDSP, NERSC T3E) El 
o DWF (Blum-Soni, PRL’97) 

: 

(NERSC T3E) q q 

0 Ks (JLQCD) 

+- KS (OSU) III 

* 

t 

1 I 

I I I I I I I I I I I I I I I 

0 0.05 0.1 0.15 

a Cfm> 
45 



0 

-5 

10 

-15 

RBC Collaboration 

I I I I I I I I I I I I 

I l- 

!P 

6/g2=5.85 

m 

6/g2=6.0 

0.05 0.1 

m 



SUMMARY . 

l DWF promising alternative to conventional lattice fermion 

for lattice QCD calculations (weak matrix elements, 

renormalization, quark mass, . . . 

l Extensive spectrum-weak matrix element-nonperturbative 

renormalization calculation under way on the R/KEN 

BNL Research Center QCDSP supercomputer and 

NERSC T3E 

l Future goals: Nucleon matrix elements, dynamical 

simulations 

RBC Review 
47 

Lattice QCD with Domain Wall Quarks 



The Parity Partner of the Nucleon in Quenched QCD 
with Domain Wall Fermions 

Shoichi Sasaki 

49 



RBRC Scieritific Rqhew Committee meeting ( 

The parity partner of the nucleon 

i’n quenced QCD 

with domain wall fermions 

Shoichi Sasaki 

(RIKEN-Brookhaven-Columbia-Collaboration) 

RIKEN BNL Research Center -- 

T. Blum, S. Ohta (KEK), S. S. , M. Wingate 

Brookhaven National Laboratory 

M. Creutz, C. Dawson, A. Soni 

_Columbia University 

P. Chen, N. Christ, G. Fleming, A. Kaehler, T. Klassen, 

C. Malureanu, R. Mawhinney, G. Siegert, C. 

P. Vranas (Illinois), L. Wu, Y. Zhestkov 

51 

Sui, 



. 
I 

._ 

. 

Survey the spedrum .of the lowest-lying negative 

parity baryon (N”) as the parity partner of the 

positive parity baryon of ground state -(nucleon N) 

by lattice WD simulation. 

Why ? 

Chiral symmetry and its spontaneous breakdown 

play important role for low energy hadron physics. 

For instance: 

The spontaneous chiral symmetry breaking (SSB) 

leads to the absence of the parity doubling in hadron 

spectra. Mass splittings between the parity pair of 

low-lying mesons, e.g. ~(770) and a,(1260), would emerge 

as a result of SSB. 

However, 

thle parity pair of low-lying baryons: N and N*, are 

N’OT well understood as compared with the mesonic 

case. The lack of knowledge causes different 

theoretical predictions for properties of N* in some 

effective models. 
(For example, KNIN* coupling and axial charge of N*) 



It is hard to measure the spectrum of the negative 

parity baryon in lattice QCD for several reasons. 

One possible reason 

The unphysical mixing between the distinct batyon 

interpolating operators through the breaking of chiral 

symmetry would be crucial on the study of negative 

parity baryons. 

However, 

the domain wall discretization can cope with the chirai 

symmetry on the lattice. 

As a result, 

the implementation of domain wall fermions (DWF) 

could reduce the unphysical mixing problem. 

53 







v= lb3x32 ,PG~_s 

Ls= I6 , rl= I.8 

mo= o.ow . 

WQll sowce ; P.B.C + A.P.B.C. (t;me> 

2.0 

1.5 

1.0 

0.5 

0.0 

m 

I 

0 B2+ (l/2+) 

o B,- (l/2-) 

o B2- (l/2-) 

8 16 



13 configs x 2 
V=l6xl6xl6x32, b&a=6.0 . 
Ls=l6, M=l.8 

1.6 

1.4 

1.2 

0.4 

0.2 

I I I I I I 
I 

I+ 
z 

o Bj+( l/2+; nucleon) 
I 

I I 

cl &+(1/2+) 

o B,-(i/2-) 
I 

ilij L- z 
L 

ee 
0 

0 
m nucleon (QCDSP) 

$I 
v rho meson (QCDSP) 

I o pion (QCDSP) 

0.0 - 
0.00 0.02 0.04 0.06 0.08 0.10 

m: quark mass 

0.12 0.14 

57 



Quark Masses Using Domain Wall Fermions 

Matthew Wingate 
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Quark Masses using Domain Wall Fermions 

Matthew Wingate 

DWF exhibit continuum-like chiral symmetries: BK, axial 

Ward identities, andmore 

Exploratory calculation of strange mass: Blum, Soni, M.W., 

(hep_lat/9809065, hep-iat/9902016) 

Ongoing RIKEN/BNL./C o umbia quenched simulations with I 

DWF: 85 config., 7 masses at /? = 6.0 (QCDSP); 70 config., 

3 masses at ,0 = 5.85 (NERSC) 

Nonperturbative calculation of renormalization factors: New 

and important ingredient 

RBRC Scientific Review, 27 May 1999, M. Wingate 
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Hadron Spectrum, ,B = 6.0 

85 configurations using RIKEN BNL QCDSP (2 x 100 Gflop) 
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RBRC Scientific Review, 27 May 1999, M. Wingate 



From Spectrum to Quark Masses 

Chiral perturbation theory fits: 

M2 := 

M; := 

MN := 

B,m --I- A, 

Bpm -I- A, 

BNm + AN 

A, # 0 + systematic error, e.g. finit 

Work ing ansatz: Mz - A, is physica 

Renormalized lattice quark mass: 

t V, finite N, 

. 

quench ing, . . . . 

mLAT A = (1 > ZLAT(pu) m(u) 

DWF: ZLATltree = M(2-M). One-loop result Blum, Soni, M.W., 

(hep_lat/9809065, 9902016) S. Aoki et al., (hep-lat/9810020). 

Matching to continuum regularization scheme: 

mMS (PI -1 RpzT(p) mLAT(p) 

0 0 
RBRC Scientific Review, 27 May 1999, M. Wing-ate 
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Comparison to other discretizations 

Preliminary strange quark mass, compared with other lattice actions. 

Statistical errors only! 

I!4 m 

E 80 

f 

<P @ 
Q 

2 GeV 

4 

oDW xKS 

60-l I""' I""" 
0 0.05 0.1 0.15 0.2 

RBRC Scientific Review, 27 May 1999, M. Wingate 



Regularizak ion independent scheme 

Renormalization method of Martinelli et al. 

Define a renormalized operator O(p) = Z&a) O(a) by imposing 

the regularization 

0.8 

scheme independent condition 

0.75 

0.6 

I- ’ I I I I I I I I I I I I 

I, 
0 1 2 3 

( P> a 
2 

RBRC Scientific Review, 2’7 May 1999, M. Wingate 
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Topics in the Physics of RHLC: Parity Violation in 
Hot QCD, Heavy Quarks, Spin, and Nuclear Collisions 

Dmitri Kharzeev 
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. Topics in the physics of RHIC: 

Par’ity vi,olation in hot QCD, 

Heavy quarks, Spin, and Nuclear collisions 

Dmitri Kharzeev 

1. Introduction 

2. Parity violation at RHIC? 

3. Long-range forces of QCD 

4. Measuring polarized glue in quarkonium production 

RIKEN-BNL Research Center review, May 27, 1999 
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Parity violation in hoe QCI3 

I => 
Podd ? 

RIKEN-BNL Research Center review, May 27, 1999 



Long-range forces of QCD 
IY ht;h-, D K 
hqq+9903& 

RIKEN-BNL R esearch Center review, May 27, 1999 
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Polarized glue and quarkonium productian 

RIKEN-BNL Research Center review, May 27, 1999 



Azimuthal Asymmetries at RHIC 

Dan3 Boer 
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Azimuthal Asymmetries at RHIC 

Dani Boer 

l Goal: To understand the spin structure of hadrons 

l Means: Asymmetries in hard scattering processes 

For example: 

Large single spin asymmetries have been found in 11 - 

How to interpret such asymmetries? 

Relevant for polarized proton-proton collisions at RH IC 

RBRC Scientific Review Committee Meeting, May 27, 1999 
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HERMES Asymmetry in e + J? -+ e’ + 7~ + X 

HERMES reported a sinq5 asymmetry at D&99 [Zeuthen, April ‘991 

lepton scattering plane 

Involve transverse momentum dependent functions. For example: 

f i -.- / ; ^ ;>a.. $ .i: : f [Collins effect] 

Prob [“l(lkT x syj) -+ T-LX] # Prob [q(-lk, x s& -+ KY] 

RBRC Scientific Review (Committee Meeting, May 27, 1999 



Theoretical Issues 

Theoretically one wants to describe the asymmetries in terms of 

universal quantities: parton densities. 

Questions: What are they? Where do they show up? . . . 

(1) Proof of factorization @ading twist J, subleading twist?) 

dx 

(2) 
(3) 
(4) 
(5) 

Next-to-leading twist is relevant [recent HERMES result] 

Proper definition of ii:: L $), _llij:~: k+jj, . . . 

Evolution equations 

Expressing cross sections/asymmetries in terms of the functions 

Estimating asymmetries 

Together with P.J. Mulders, A..A. Henneman (Amsterdam), R. Jakob 

(Pavia) work is currently in progress on several of these points. 

(‘3 0 
RBRC Scientific Review ~Cornmittee Meeting, May 27, 1999 
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Color Gauge Invariance . 

Q Q P 

(b) (cl 

T T 

D.B. & P.J. Mulders 

in preparation 

+ path-ordered exponentials in off-lightcone non-local operators 

RBRC Scientific Review (Committee Meeting, May 27, 1999 



Azimuthal Asymmetries at RHIC 

D.B., hep-ph/9902255 (to appear in Phys. Rev. D); 

hep-ph/9905336 (to appear in Nucl. Phys. B (Proc. Suppl.)) 

The polarized Drell-Yan process cross section: 

do 
dfi @s oc 1+cos2 8+sin2 8 [f cos2q5 - p IS,1 sin@ + qjsj] +. . . 

Relation for the case of one flavor: 

QT [GeVl 
/ 

,___________________-________. 

hlY 

lepton plane (cm) 

RBRC Scientific Review Committee Meet ng, May 27, 1999 

79 



One-loop Calculation of 5 Gluon Amplitudes in the 
Background Field Gauge 

Yoshiaki Yasui 

81 



[ 11 Mot ivat ions 

Spin Physics at RHIC (Ag, J/X4!, Jets,. l l ) 

(Ex.) Measurement of the gluon component 

+ Jets analysis 

LO 

NLO 

NNLO 

1 Fragmentation phton 

is very important!! But, l l 

. . . 

. 

We have to calculate not only LO but also NLO 
and NNLO. 

83 



Theoretical Issue 

String Amplitudes =+ QCD Amplitudes 
Z.Bern, L. Dixon and D. Kosower 

Tree 

Box 

Pentagon 

(String Tension -+ co) 

Gervais 

Neveu 

No Results in 

the pQCD !! 

G- Calculation of 5 gluon amplitudes in the pQCD? 



[2] Why Background Field Gauge 

Gauge Invariance 

Lagrangian: W4-J --3 l(Qp +B,) 

Gauge Fixing Condition: (a, Sac +gfabcB;) Q”c” = 0 

+ Gauge Invariant Effective Action 

r(Q. = 0, B)effective = r(B)effective L.F.Abbott 

Simple Feynman Rule (5 = 1) 

dub7 (P2 - P3>a goa + 2P1&p - 2p1pg,,] 

u 

Covariant Gauge 

sfUb”[b2 - PSLm3~ + (P3 - m)p,qao + (IA - p2)cdkYp ] 

+ BG simplifies Loop Calculations !! 

85 



[3] One loop Results 

Polarized PP + Felicity Amplitude (s. Parke et.aI.1 

f l-- ((2 I = z”(Q)(l -f Y5), 14 > AI f ;(I +y5)v(q) 

P . . . the gauge boson rnomentum k . . . the reference momentum 

IPI amplitudes O( T~(T~T~T~T~T~) 

&--loop F(lal,a2,a3,a4,a5) . 

(+,+,+,+,+) = - (4;J2 (21)(32)(43)(54)(15)+(CYc”c Permutat’on) 

where (ij) = (i-Ij+) 



PI s ummary 

Spin Physic at RHIC 

Analysis of Jets production is very important. 

=+ Bern.et.al. calculated 5 gluon amplitudes in the one- 
loop level with using the string theory. 

---\, No one have done it: in the orthodox pQCD. 

+ I demonstrated the one-loop calculation of the 5 gluon 
amplitudes in the framework of the pQCD 

“Background Field Gauge” =+ Very Powerful!! 

Next Step =+ 1PR Parts 

87 



MAPLE OUTPUT 

F( al, ~2, ~3, ~4, a5) := -4 
zIn(a~)LEV*,~,3,4(-az2+a2u5) 

(al - u2) (-al + u5) 

1 
+;ln(ul)(-11 d”u4u3’ul 

- 44 ~2’ ~5’ u3* al + 6 a3 aIs a4 -. 44 ~3’ aI3 u5* - 55 u4* a2 aI3 a3 + 19 a5 ~3’ aI3 a4 
I 
I + 23 u2* ~4’ a3 aI* + 5 ~5’ ~4’ ~2’ a3 + 11 a5’ al* u4’ a3 - 22 ~4’ a2 al” - 22 a23 al” ~4’ 

+ 22 ~3’ al’ ~5~ - 19 ~5’ al a4’ a3 a2 + 40 a53 a3 a4 al a2 - 87 a3 ~5’ al’) a4 a2 
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Calculation of 5 g:luon amplitudes in the 
backgrou:nd field gauge 

YOSHIAKI YASUI 

RIKEN BNL Research Center 

Brookhaven National Laboratory 

Upton, NY, 11973, USA 

Abstract 

RHIC Spin Physics program will provide us fruitful information on the proton 

spin structure. For example, the gluon component of the polarized proton will 

be investigated by measuring the processes PP + y + S (gq + yq) and PP + 

Jets + X (gg + gg, qq,. . .). The gluon component has the essential role for the 

proton spin structure function gi concerning with the spin crisis problem. To analyze 

the spin structure of the proton, we can easily imagine that perturbative calculations 

for the processes of jets production are indispensable. ,4nd for these processes, 

not only Leading Order but also Next to Leading and Next to Next to Leading 

Order contributions are sizable. We can not ignore these higher order corrections. 

Unfortunately higher order calculations usually induce uncontrollable numbers of 

terms and diagrams. Thus, orthodox methods become useless soon. 

BJ- the way-! recently, we have seen much progress in methods of perturbative 

calculations. Bern, Dixon and Kosowcr intruduccd a new formulation; using a string- 

89 



based technique, to compute the one-loop amplitudes in &CD. They demonstrated 

the calculation of 4 and 5 gluon amplitudes in the one loop level. On the other hand, 

no one has done the one loop calculation of the 5 gluon amplitudes in the orthodox 

field theory. And the relation between the string-based technique and the orthodox 

perturbative calculations are not clear, yet. 

In this work, I try to calculate 5 gluon amplitudes without using the string based 

methods. Of course, orthodox methods, like a covariant gauge, are useless. Here I 

use the background field gauge, the helicity method and so on. The background field 

gauge gives gauge invariant off-shell IlPI Green’s functions. In addition, Feynman 

Rules of this gauge have very simple structures. It simplifies calculations of gluon 

loop diagrams. 

This time, I will show the result of LPI part. It is a part of the full amplitude, but 

by using the background field gauge, the 1PI part itself becomes gauge invariant. 

Of course, to obtain the complete result, we have to calculate the 1PR part. I am 

sure that I can also calculate 1PR parts in the straightforward way. 



Parity Violation Through Color Superconductivity 

Dirk Rischke 
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G up equation: 
I 

+=2,IJto, m=O: 





The Chiral Ph:ase Transition in Flavor SU(3) and 
Possible Signals for RHIC 

Jiirgen Schaffner-Bielich 
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QCDSP Project 

Robert Mawhinney 
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The Next Step for Machines for the QCDSP Project 

Norman Christ 
Columbia University 
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EXPERIMENTAL PRESENTATIONS 
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RHIC Spin Physics and the Experimental Division 
of the Center 

Gerry Bunce 
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RIKEN BNL Research Center Review 
.27 May 1999 
Gerry Bum 

The Polarized Proton Collider at RHIC . 

-up to 250 GeV x 250 GeV 

-70% polarization, each beam 

-longitudinal polarization at Phenk, STAR 

-transverse polarization at pp2pp, Brahms, Phobos 

-120 bunches x 2 x 10” polarized protons in each ring 

-L = 2 x iOJz cm4 sec5’ at root(s) = 500 GeV 

Physics: To understand the proton-How is the spin of the 
proton made of its constituents? 

-from scattering electrons and muons: the quarks in 
the proton carry only l/3 of the proton spin 

-RHIC will measure the polarization of the gluons, and 
the polarization of the u, ubar, d and dbar quarks in 
the proton 

our schedule: 

Spring, 2OOO-Commission 1 RHiC ring with polarized 
protons to 100 GeV 

Spring, 2001-First spin physics run, 100 GeV x 100 GeV 
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Polarimeters 

Polarized Proton Collisions, at BNL 

Lma=.2xlO 
32-1 -2.’ 

s cm 
- 70 % Polarization 

~6 = 50 - 500 Ge? 

Spin Rotators 

STAR 
Sibkrian S nakes 

2~10~~ Pol. Protons / Bunch 
&=20nmmmrad 

Partial 
Siberian Snake 

AGS 
b Polarimeter 

Vertical 

Replaw with OPPIS: 
500 pA, 300 ,US, 7.5 HZ 

Accumulation of 20 Pulses 

4x101 I Pol. Protons / Bunch 
E= 1Onmmmrad 

35 PA, 350 5 Hz IJ~S, 
80 % Polarization 

_.A 

AC Diptile 

)lI I’CC 
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RHIC Spin Collaboration and the Center 

Spin physics Must involve a close collaboration between theory, 
experiment, and the accelerator +RHlC Spin Collaboration 

The RSC formed in 1991 after the Polarized Collider Workshop 
at Penn State. It developed the physics case, the accelerator 
spin plans, and proposed the RHIC spin physics program to 
the PAC, with the Phenix and Star collaborations. The spin 
program was approved in 1993. 

In 3995 the RIKEN-BNL agreement was signed with support 
from RIKEN for the Siberian snakes, and a 2”d muon arm for 
Phenix for spin. 

The Center, which celebrated its f&St year last fall, offers an 
incredible and unusual opportunity to fully realize all of the 
physics at RHIC. For the spin program, the Center, with both 
theory and experimental divisions, is ideal. 

Our goals with the Experimental Division are to 

-fully develop the potential of the RHIC spln program 

-do this through joint work with RIKEN staff 

-very strong group 

-connects directly and deeply with young physics 
community in Japan 



.i 3 
,;.. . . -y - .‘.’ :,+. 

i . . :, 

-Some wacticai issues on forming Experimental Ditision: a ‘. 

Size -impoMit to have close working relationships + 40 (7) 

Topics *over several important spin topics, but .maintain focus 
and cohesiveness of group 

. .; . 

Technicians -no standing group of technicians +coilaboration , 

with RIKEN, Japanese Universities, BNL Medium 
Energy Group 

Heavy ions *over heavy ions and spin +most work does this 
but for now we emphasize spin for Fellows 

STAR -cover Star as well as Phenix +future, will also be done 
by BNL Medium Energy Group 

Theory --strong connection with theory +RBRC Theory 
Division, Spin Discussions, Workshops 

Accelerator -strong connection with accelerator *Thomas 
Roser as advisor, would like to have RA work 
with Thomas 

Young staff w” season” with advisory group, also BNL Medium 
Energy Group (future) 

Support -funds for smaller initiatives (polarimeter, luminosity, 
trigger), apply for funds for larger apparatus 

Students --importantI-RIKEN staff, Kyoto, Tokyo Institute of 
Technology, possibly expand this 

. : 
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RBRC Experimental Division 

Masayasu ishihara - Group Leader 

Gerry Bunce - Deputy Group Leader 

Naohito Saito - leads RiKEN staff at BNL 

RBRC Fellow - Matthias Grosse Perdekamp 

RBRC Research Associate - Alexander’Bazilevsky 

RIKEN Staff at BNL - Naohito Saito, Kazu Kurita, Atsushi 
Taketani, Yuji Goto, Masahiro Okamura, Yajun Mad, Jiro 
Murata, Naoki Hayashi 

Students from Kyoto and TlTech at BNL - Hiroki Sato, Hisayuki 
Torii, Junji Tojo, Etsuji Taniguchi, Makoto Sugioka 

Advisors - Bob Jaffe, Yousef Makdisi, Mike Tannenbaum, 
Thomas Roser 

Visiting Scientists - Masa Ishihara, Yashushi Watanabe, 
Takashi Ichihara, Ken-dchi Imai, Hideto En’yo, Toshi-Aki 
Shibata . 



Spin Work of the Roundtable Group 

Naohito Saito 
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Outline: 
RHIC Spin Program 

RT Activities 

Summary 

Naohito Saito 

RIKEN / KEN BNL Research Center 

5pin %ruc%ure d the Nucleon 
- A@) : Gluon polarization via y,$,heavy quark 

productjons 
- AT(x) : Anti-quark polarization via Drell-Yan (W,Z, p) 
- &.q(x),A,.&Q : Quark transversity 

5ymmetxy Tests 
- parity violating effectts, e.g. compositmess 

QCD Seledon Rule 
- switch ofT gluon; aT~‘b,,<<l 

5ingle Transverse 5pin Asymmetry A, 
- large at lower Enerar; higher-twist? ; k,asymmetty? 
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l A, measurements at 200 GeV 
- to 

l 

0 

l 

answerurgentquestion on AG 
EMcal should be ready for no and prompt Y 

Muon Arm should be ready for J/Wand Open charm, 
beauty and DY 

Ps should be known to 10% precision 

l A, and A, measurements at 500 GeV 
- direct mea5ureme:nto-f' parity violation, Aqi 

l Two Muon Arms should be ready for p/W 

l PB should be known to 5% precision 

- enhance kinernatic:aI coverage for AC 
V.tUUS 

.)**.!.. 

. A77- and A, measurements 
- transversity, Q~CD selection 
gluon &e&s) 

- highertwisteffects 

rule (switch off 



l PHENIX ExperimenL 
- Muon Arm (W, J/v, Open Heavy Flavor) 

l magnet, muon ID, software, tracking chamber, trigger, 
beam test of muon ID 

Takashi, Yasushi, Atsushi, Kazu, Yajun, Jim, Hiruki, Etsuji, Junji, Toshi- 
Aki, Ken, Hideto, Naohito 

Takashi, Yasushi, Naoki, Hideto, Yuji, Naohito 
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l Accelerator 

Thomas, Masahiro, Gerry, Yousef, k30hit0 

- Design, Production and QA of Helical Dipole 

Magnet ” 

- 5pin Dynamic5 

- OPPI5 

l Polarimeter 
- large x, n polarirneter 

- pC CNI polarimeter 

Youset Na&, Yuji, H iroki,, Hid&o, 
Naohito, 5asha, Matthias, Gerry 

Kazu, Ken, Junji, Atsushi, 
Gerry, Naohito 

l 5pin Physics 
- Global Analysis of polarized 

PDF 
Naohito, foshi-Aki, Yuji, N,aoki, Etsuji 

- Event Generator 
Naohito, Toshi-Aki, and many 

Scattered Carbon 
0.1-1.0 MeV 
Detected by Si Detector 



week&discussion among exp, thry and act 

Initiated by Bob and Gerry -> Werner and N5 
- web master: Yuji 

forum to Discuss Various Issues on 5pin Physics 

Topics: 

- RHIC 5pin measurements 
l theory: formalism, phenomenology, and lattice 

l experiments: sensitivity, systematic uncertainty 

- Experiments relevant to RHIC 5pin program 

- Experimental Tec:hnique including Accelerator 

- Relevant Conference Report r 

Useful in Defining 
Works 

ibkx+cshops 
Direction of RBKC-E 

RHIC 5pin Physics: Rhic 5pin Collaboration 
(Gerry Bunce, Yousef makdisi, Naohito 5aito, Mike 
Tannenbaum, Larry Trueman, and Aki Yokosawa) 

Physics of RHIC Polarimetty 
(K. lmai and 0. Fields) 

- Experiment on pC CNI polarimeter proposed 

Event Generator for RHIC 5pin Physics l&II 
(N. 5aito and A. Schaefer) 

- Working Group has been established 
l prompt photon problem: kT, resummed xsection 

calculation 

- Problems in current EvGen identified 
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l Equipped wH% Finely Granulated 
Emcalorimeter (A&A’Q-0.01) 

-_. _-. 
g, 3 3 -1 a 1 2 3 

Iso 

Loo 

La 54 
a 

fi 0 0 

-5a 50 

-ml -100 

-Iso -tsl 

3 3 -1 0 1 2 

SOAL: Understand Response to Hi-Energy 
Particles 

*Energy Resolution, Linearity, Hadron Response, 

Shower Profile 

6.0 
(',p. 



l Energy Resolution 
almost conebbwt with expectatfon 

from low-E AG5 test and simulation 

8 

10 
9 

%8 
7 
6 
5 
4 
3 
2 

Red line:1.4’/.+7.6’Y~E from 

AG5 beam test (<3GaV) 

@Hadron Response 
Rejection (E-p match alone) >lOO 

Ghower Profile: E-deposit Pattern 
needed for pat-z recognition 

O l....l....1,...1....l....l..L , ( , , , , , , , , , 

0 5 JO 15 20 25 30 35 40 4& 60 
c 

@Energy Linearity 
non-linearity&% 

Koundtable provides a bridge of IWRC-E 

and RIKEN-BNL activities 

- mccemfbl integration OF RBRC-E a&ivities 
inix exi&q RKEN-BNL activities 

- cbe relationship between RBRC-E and RIKEN- 
BNL activities will be continued for the 6ucGem 
of RHtC f5pin P~ydcs 
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Work on the Electromagnetic Calorimeter 
of PHENIX 

Alexander Bazilevsky 
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PHENIX EMCal 

Its chamteristii 
Methods for data analysis 

RBRC Scientific Review 
May 27-28,1999 
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EMCal primary role in PHENIX 

Electron and photon identification, measuring their 
parameters 

Provide the means to trigger on events where electrons 
and photons are produced with a high transverse 

. momentum 

It’ll also provide additional particle identification by combining 
calorimeter time wi,th amplitude information; trigger on events with jetlike 
structures or events with high transverse energy flow 

Phase transition: 2 measurements 

Debye screening: J/v/+ e+e- 

Chiral Symmetcy restoration: @ -+ e*e- 

Thermal Radiation of Hot Gas: prompt y 

AG: High pt y and 2 production 

Ai : w production 
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8 sectors: 2 (PbGI Cerenkov) + 6 (PbSc Sampling) = 25,000 cells 

77 coverage:h0.35 dq(cell)= 0.01 

@coverage: 180' dflcell) = 0.01 

PbSc Module (4 celk) 

PbSc EMCal 
Quad-Tower Module 



EMCal issues 

Very wide energy range O&80 GeV 

Very wide impact angle range 0°+200 

Very High Multiplicity (in Heavy Ions Collisions) 

PbSc EMCal characteristics 
Based on Test Beam (BNL and CERN) and simulated data analvsis 

Enerw resolution 

photons, electrons: 

Position resolution 

photons, electrons: 

Time resolution 

Pions: 

Electrons: 

( Cell size - 55x55 mm2 ) 

0, (E) = 0.21+ O.O4/(E - 0.03) (nc) 

CT, (E) = 0.06 + O.O3/(E - 0.01) (nc) 
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EMCal response 

e(fih rejection 

n E/p matching: ~EEMC- Pd < aoE 

w Lateral shower profile: 2 criterion 

Wl 
w 

10 

10 

r 

-1 

-2 

0 

pn (GeVk) 

-1 
10 I 

Shower Profile 

-2 
10 

1 4 GeVlc 

0 1 2 3 4 5 

E EMC (GeV) 



EMCal pattern recognition 
3 levels 

Energy scale 

I 

1. Cluster: 

Cluster may contain several peaks (local 
maxima); the energy in towlers is shared 
according to the energies expected fi-om 
the photons located in each peak; 
Generates PeakArea’ s (sub-clusters 
after energy sharing) 

2. PeakArea 

Generates one or two EMshowers based 
on shower profile (x2 test) 

3. EMshower 

Consider all the activity in calorimeter 

(cluster) as only electromagnetic 

Good x2 
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Cluster => PeakArea + EMShower 

l We have to use different approaches for different tasks 

l The EMCal response is very different for different 
particles: 

Antibaryons: give one (sometimes several) Cluster with 
more then one Local Maxima j we split them on the PeakArea 
level a PeakArea and EMShower level can not be used here 

pion~: 15% of 1 Ge’V and 45% of 4 GeV hadronic showers 
give clusters with more then 1 Local maxima 3 the usage of 
PeakArea level is limited, EMShower level can not be used 

Photons&Electrons: in Low Multiplicity Events any level 
can be used; in High Multiplicity Events most of the Clusters 
and PeakAreas have more then 1 contributor 3 EMShower 
level helps us to clean the EM Showers 

l The shower parameter (for example, position) 
correction is very different for EM and Hadronic 
Showers with non orthogonal impact (because of the 
different penetration depth): the difference for 1 GeV 
showers with 20’ impact could be -1.5+2 cm !! 



High pt f recognition efiiciency 

EMCal central zone (0’) 

0.8 

0.6 

0.4 

0.2 

0 

0 - Shower Level 

A - PeakArea Level 
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n The PHENIX EMCal amplitude and time responses 
are investigated; energy, position and time 
resolutions are studied and parameterized 

n The methods for data analysis in the impact angle 
range 0°+200 (are proposed - 

n Multilevel pattern recognition procedure 
* EMCal is proposed. Now it’s accepted 

official EMCal offline software in PHENIX 

in the 
as an 

Further tasks 

Cluster-Track association + Charged 
rejection 

Hadron 

Photon and 2 reconstruction in HIJ ING (Au-Au) and 
PYTHIA (p-p) events (using Time-of-Flight, Shower 
Profile and Tracking) 

Clustering (Pattern Recognition) Procedure 
implementation into online system 



RHIC Spin: Online Monitoring and Transverse Spin 

Matthias Grosse Perdekamp 
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Transverse Spin 

Single Spin Asymmetry reported at DlS99 

Twist 2 vs Twist 3? -> SMC Data at different Q2 ! 

8 ~ IICRMES PRELIMINARY 

0.05 - 

-0.05 - I 
I I,, 1, I I I I I I 

0 0.2 0.4 0.6 0.8 1 1.2 

P, WV) 

Plans: 

:‘c;,\ 

_J \. 
RBRC Scientific Review Committee Meeting, May 27, 1999 
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A New Polarimeter for RHIC 

Kazuyoshi Kurita 
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Beauty of CNI 

Asymmetry 
calculable 

Weak beam 
momentum 
dependence 

. . . . . . . ,.. ,.. .,.. ,. 

0.001 0.010 0.100 
4 [GeV”2] 

450’keV 900keV 

K~z~J Kurita/RI KEN, RBRC 
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Si data 

Comparison 
between target 
in/out runs gives 
the proof of 
Carbon detection 

target frame is 
the beam even 
with the target 
run 

in 

out 

99/05/03 15.24 

L ;, , I I:..’ 

Out 300 
Fj,’ Target In. :,*5;*. i 
:i:;:; . ..<A . . . 

250 

200 

150 

100 

50 

O ow 1000 ODU 1000 

TX M ADCZ, chmnsl 4 TDC vs MC2, channel 4 

ADC distribution 

Kazu Kurita/RIKEN, RBRC 
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Summary 
., ,. . ..I. ... . . . . :_.:; :_. 

I.!.:... .,.., I..: ,,.,. (_._, _._ : 

,” 
1 ‘.. ., . 

.: :. ,, ::>.:. .y_):_ ‘, : 

1, We successfully detected carbon recoils inside the 
AGS ring 

2, -We see asymmetry 

3, t dependence seems to be qualitatively consistent 
with theory but we are not ready to compare with 
theory quantitatively 

4, We started the preparation for RHIC pC CNI 
polarimeter 

Kazu Kurita/RIKEN, RBRC 



The New Computer Center for PHENIX in Japan 

Yashushi Watanabe 
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,_______._ ..I.,.. 
, 

~3?$z;D of the CC-J 

CC-J :The new computer center for Phenix in Japan 

Yasushi WATANABE 

RIKEN / RKBN BNL Research Center 

CC-J objectives 

. Regional computer center for Japanese and 
Asian scientists 
- Serve for RI-DC physics activities in Japanese 

and Asian scientists 

. Major analysis center for Spin physics 
l The Simulation Center for PHl3NI.X 

- Major CPU resource for PHENIX 
l No CPU resource for simulation at BNL-RCF 
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- 

Requirements 

0 Huge experiment data to be analyzed 
- l%a Sununery Tape ; -150 TB I year ! r 

Huge storag;e capacity of data 
Big pipe between storage and CPU 
Data transfe.r method over the pacific 

l Huge simulati.on needs 
- Correspond to huge experiment data 

l Huge CPU power 
- -1Ok SPECint95 (= 500 PCs) 

l Close couple with BNL-RCF 

Principle Concept of the CC-J 
I ,__...---..~-.-....,.......______~---..__----~.....~-.....~....~..~~___.-......_~ 

I I 



Schedule I 

I i.SNL 
I 

R&D Activity 

. R&D for PC farm (at BNL) 
l Collaboration w/ RCF at BNL 

- Clustering tech. investigation for PC farm 
l File system investigation 

- For a hug number of PC5 : NFS on LINUX 
- Between remote sites : AFS or Aria 

l Managemerlt method for a huge number of PCs 
- System management 
- Batch qusuing system : LSF or PBS 

>> The farm will be transformed to “Real 
estate” for Rl3RC people 
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.._.,_ __ __ ,,.. _ . . . . . . . . . . c-__ .-__ _-- ._-- 0. - . 

R&D .Activity (cont’d) 
l R&D for data transfer over the pacific 

- Data duplicating tech. (at BNL and Wako) 
l Transporting tapes by air is suitable for huge amount of 

data (~6 TBlweek) 
- The first tap;, NOW! 

B Test of data transfer from Wako to BNL 

l Adding tape drive at BNL : still going on 

” B Dedicated tape ‘drive for front end of the CC-J 

Related ,4ctivities at Wake 

l Have started to set up the “Real” CC4 at 
wako 
- Tape robot is installed 

- HPSS is installed 

- Data server and PC fan-n (still sniall size) are 
installed 

- T. ICHIHARA (RfKENlRBRC), Y. WATANABE 

(RIKl3’VlU3RC), Y. GOT0 (RIKEN), N. HAYASHI 

&MEN), II. HAMAGAKI (CNS), S. SAWADA (KEK), 

S. YOKKAICHI (Kyoto Univ.) 



I’: 
-’ 

., .,___,._ -_ -... d-’ “‘_-“--‘--- 
. _, *~-?i__-~~‘.,~._,“~.. .:?--__L,.__. _ _^ 

‘-I --.- _____ ,._,__.______ ,r_,~ ., , -._a. .._... 

summary 

l Fruitful R&D efforts 
- Clustering tcxh. investigation for PC farm 

- Near to success of data transfer over the pacific 

l Have started to set up the ‘Real” CC-J at 
W&o 
- Tape robot and HPSS are installed 
- Data server and PC farm (still small size) are 

instakd 
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Status and Future of RBRC-E 

Masayasu Ishihara 
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Status and Future of RBRC-E 

Masayasu Ishihara 

RIKEN / RIKEN BNL Research Center 



RBRC-E Objectives 

Initial stage: Focus on RHIC Spin physics 

l Explore RHIC Spin Physics in the area of 

- Experiment, and its intersections with 

- Theory, and with 

- Accelerator 

l Enhance Spin physics activities in Japan 

- Involvement of Universities 

- (thus students) 



, ,. .:.: 
I.; :. 
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RBRC-E Philosophy 

0 Leading Role in pursuing RHIC Spin Program 
- Be selective in choice of subjects 

l To take initiatives to enhance and accomplish the spin 
physics program 

0 Currently, items crucial to start up the program 
- Be home of collaborative works 

l among experimentalists; 
a bridge between BNL & RIKEN 

a host of RX 

l with theorists; RHIC Spin Collaboration Discussion,workshops 

l with accelerator physicists 

“Round Table” a basis for all these collaboration 



RBRC-E Philosophy cont’d 

l Should have a close relationship with 
Japanese RHIC Spin physicists 

Japanese Group (REG) 
RImpq and Coll&orative j-nst$jjtioIis 

(-40 people, -7 institutions) 

T Enhance Spin (and RHIC) Physics Activities in 
Japan 

l Need for Wako Base --> “RIKEN Group for RSP” 
- So far CC-J is main operational vehicle 

l Involvement of Universities in Japan 

t RBRC-E should keep close relation with 
“RIKEN Group for RSP” 

-. 



RHIC Spin Physics 
- Spin Physics Program (discussed at RSC mtg) - 

- A, measurements at 200 GeV 
l to answer urgent question on AG 

- EMcal should be ready for n0 and prompt y 
- Muon Arm should be ready for J/y and @en charm, beauty and DY 
- PB should be known to 10% precision 

- A, and A, measurements at 500 GeV 
l direct measurement of parity violation 

- Two Muon Arms should be ready for Z” 
- PB should be known to 5% precision 

l enhance kinematical coverage for AG 

_ - A, and AN measurements 
l transversity, QCD selection rule (switch off gluon effects) 
l higher twist effects 



RBRC-E First-Year Activities 
l Successful Launch of the group 

- collaborative efforts of BNL, RIKEN and RBRC 
l Snin Snecific JCCueC tr, hi wnrkd mt I- .-I_ - ----_ -?,!,--J!, _v -,’ I, vLLI-‘w v IR” 

- RHIC Polarimeter (Kazu, Junji, Atsushi, Gerry, Yuji, Naohito, Ken) ’ 

- Luminosity Monitoring (Gerry, MikeT, Hideto, Yuji, Naohito) 

- Online Monitoring of Detector System (Matthias, Hisayuki,Yuji) 

- Offline Software (EMcal, I_L &m)(Yuji, Sasha, Mao, Hiroki, 
A tsushi, Hisayuki, Naohito) 

- Transverse Spin Effects (Matthias and Daniel) 

- Event Generator (Naohito, Toshi-Aki and many) 

0 Common facility for Spin (and RHIC) Physics 
- CC-J (Takashi, Y asushi, Naoki, Hideto, Yuji, Naohito) 



RBRC-E Future 

l N’ear Future 
- Offline Software (physics) 
- Triggering Rare Events 

l Future Possibilities 
- Detector Upgrades e.g. VTX to clarify origin of J/y 
- High Precision Polarimetry 

l polarized gas jet target 

- Global Analysis of Parton Distribution Functions 
including Lattice Simulations 



Urgent Needs for 
RBRC-E Organization 

l 4 Fellows and 3 RAs 

l s P in 
l collider 
l hardware 

l “RKEN Group for RHIC Spin Physics” 

- RIKEN staff and Visiting Scientists 

- Experiment and Theory 



Summary’ 

l Successful launch of the RBRC-E 
- tIM.& to EjNL 

l We will continue to explore spin physics with 
- 

- 

- 

RBRC theorists 

BNL Group 

“RIIKEN Group for RHIC Spin Physics” 
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1. Introduction 

The Experimental Group of the F:IKEN BNL Research Center was started on October 1, 1998 

following a few months of preparatory activities. This report summary ‘zes the activities for the first half- 

year period of the Experimental Group, including few of important preparatory activities. 

The goal and scope of the Group 

The Experimental Group will focus on RHIC physics through participation in RHIC 

experimental programs. In the initial stage we will particularly focus on RHIC Spin Physics 

Program in harmony with the strong institutional commitment of RIKEN to that program. 

The Center is supposed to make a charming spring board of young physicists. The 

Experimental Group should as well develop to be a useful interface for collaboration 

between BNL and RIKEN experimental scientists. 

The RHIC Spin Physics Collaboration desperately demands those core groups which 

could bring in consistent initiatives and enthusiasm in pursuing and enhancing the program. 

Therefore we look for hopefully creating such a group by trying to identify and select our 

subjects from uncultivated areas of physics and methodology. Along this line our current 

activities are directed to three subjects; 1) detector upgrade (e.g., R & D of polarimeter), 2) 

cultivation of physics analysis tools (such as event generator) and 3) R & D of Computer 

Center Japan (CC-J). Establishment of CC-J is a major project supported by the Center. 

CC-J will be a regional data analysis center for PHENIX to be placed at RIKEN, Wako). 

The Group also makes efforts: to take a triggering role in effectively enhancing the 

entire collaboration of spin physics. In this context the Center has hosted the 1998 annual 

meeting of RHIC Spin Physics Collaboration. We have also been trying to take a leading 

role in the PHENIX Working Group on spin physics. 
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Structure and operation: 

The Group consists of senior staffs of visiting scientists and employed young 

physicists of Fellow(s) and Research Associate(s). 

In materializing the BNL-RIKEN collaboration the senior staffs of the Group are 

largely invited from the both institutes. There is also strong participation by a Japanese 

group of senior scientists who collaborate with RIKEN scientists in the framework of 

PHENIX Spin Physics Collaboration-Japan or RIKEN Experimental Group. 

As for employed young physicists we presently carry one Fellow and one Research Associate. 

These people have been selected and achieved through the standard procedure of the Center. Namely, the 

announcement of new research positions was made in Physics Today and the CERN Courier. The 

Scientific Advisory Committee for Experiiment was established whose members consist of C. Prescott, R. 

Jaffe, J. Sandweiss, A. Masaike and S. Nagamiya. A total of 25 application was received. Advisory 

Committee members read the applications carefully and followed up with phone inquiries when further 

information was needed. Special seminars were also arranged so that personal interviews could be held. 

The Experimental Group has also established Program Advisor Group to enhance our scientific program 

by their advice. Thus the current organization reads; 

Group Leader 

Deputy Group Leader 

Fellow 

Research Associate 

Visiting Scientists (full time) 

Visiting Scientists (part time) 

Masayasu Ishihara (RIKEN) 

Gerry Bunce (BNL) 

Matthius. Grosse-Perdekamp 

Alexander Bazilevsky 

Takashi Ichihara (RIKEN) 

Yasushi Watanabe (RIKEN) 

Naohito Saito (RIKEN) 

Kazuyoshi Kurita (RIKEN) 

Kenichi Imai (Kyoto Univ.) 

Hideto Enyo (Kyoto Univ.) 

Toshi-Aki Shibata (Tokyo Inst. Tech.) 

Program Advisors Group Thomas Roser (BNL) 
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Michael Tannenbaum (BNL) 

Yousef Makdisi (BNL) 

Robert Jaffe (MIT) 

2. Physics Discussions 

a) Spin Discussion 

We hold a weekly meeting on spin physics every Tuesday. The meeting is called 

“Spin Discussion”. The meeting has been initiated by Gerry Bunce and Robert.L. Jaffe, 

and Naohito Saito joined the organizers. Now the organizing role has been transferred to 

younger generation, Naohito Saito and Werner Vogelsang. The web page is maintained 

by Yuji Goto since its start. Topics discussed in the meeting are summarized in Appendix 

1. 

b) Round Table Meeting 

Round Table is the body to discuss the research direction of spin experimental 

group. We meet weekly to discuss various academic issues such as research activities of 

each personnel as well as organizational issues. The meeting is regularly attended by 

members of the Program Advisor Group. 

3. Physics Research Activities 

There is a large overlap in the members with RIKEN Experimental Group. 

Therefore, the research activities are largely attended by both RIKEN and RBRC groups: 

a) R&D for computing center in Japan 

We have designed the computing center in Japan for PHENIX data analysis in 

close relation with RHIC Computing Facility group. Takashi Ichihara and Yasushi 

Watanabe have led this project. The design has been reviewed by the RCF advisory 

committee in last December. The scope and technical choices are evaluated to be 

appropriate in the review report. A prototype machine has been successfully completed. 

Details can be found in Appendix-2. In fact, the prototype machine will be used ofr 
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analysis at BNL and was recently used very successfully in an important simulation 

and its analysis efforts of the PHENIX experiment called Mock Data Challenge 2. 

b) proton Carbon CNI polarimeter 

The polarimeter for the RHIC as a polarized collider represents one of the major 

areas which require research and development in the RHIC spin project. Among 

various ideas, the polarimeter with the proton Carbon elastic scattering in Coulomb- 

nuclear-interference region has evolved as the best possibility. A test run as an AGS 

experiment E950. The experiment is being lead by Ken Imai and Kazu Kurita as well 

as University of New Mexico, and BNL. The detector system has been designed and 

constructed largely by this group. The system is now under final test using polarized 

proton beams in the AGS. 

c) Spin physics analysis 

In every PHENIX core week (monthly), we are holding a meeting of spin 

physics working group (PWG). The convener of the group is Hideto En’yo and often 

co-chaired by Yuji Goto. The PWG specified the needs of the software development 

and working. One of the highlights of the activity was Mock Data Challenge for 

proton-proton collisions. The “Mock Data” has been generated and will be 

reconstructed on the prototype of the CC-J. We will soon obtain the results of the 

analysis to be reflected to further development of the analysis software. 

d) EM calorimeter 

Electromagnetic calorimeter is the one of the most important detectors for spin 

physics, since most of the spin physics studies require photon or lepton in the final 

states. The PHENIX EM calorimeter is originally designed for heavy ion physics 

whose primary interests are lower energy photon and leptons < 10 GeV, On the other 

hand, spin physics requires high resolution and good linearity up to 80 GeV. To 

evaluate the performance of PHENIX EM calorimeter at high energy, we brought a 

part of the detector to CERN last summer to be exposed to electron beam at 6-80.0 

GeV. Preliminary results show an agreement with our expectation from detailed 

simulations. This project is led by Yuji Goto and Naohito Saito. Hisayuki Torii from 

Kyoto University has participated in the experiment and is analyzing the data. 
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Matthias Grosse-Perdekamp is leading the development of online monitor program for 

EM calorimeter. Alexander Bazilevsky has been working for PHENIX EM calorimeter 

especially in the area of offline analysis and simulation. Continuation of such efforts 

seems natural. 

e) Trigger 

Trigger is very importa.nt for spin physics especially because most of the 

reactions to be identified are rare processes. In addition, we need to accumulate 

luminosity for each bunch crossing separately so that we can calculate the asymmetry 

even with different polarization in different bunches. This scheme has been worked out 

by Gerry Bunce and Mike Tannenbaum. Construction of the needed electronics ( a 

special trigger extension board) will be supported in JFY99 by the center. Since the 

trigger issues are spin physics specific issues, we will continue the effort basing on the 

studies done by Yuji Goto for EM calorimeter and Naohito Saito for muon identifier. 

4. Workshops 

We have been holding workshops 

a) to identify the problems to be solved 

b) to discuss possible solutions, and 

in spin physics 

c) to converge ideas to come up with the concrete proposal of activities. 
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For example, we have discus.sed various ideas on the polarimeter at RHIC in the 

RBRC workshop on RHIC Spin .Physics. Following the discussions, we held another 

workshop for Physics Polarimetry at RHIC to generate a proposal to use AGS to test the 

idea of proton Carbon CNI polarimeter. The experiment has been approved as E950 and it 

represents one of the major activities at RBRC-E. 

Through previous meetings of RHIC Spin Collaboration, there have been some 

discrepancies in interpretations of experimental results by experimentalists and theorists. 

We have identified “event generator” as an important “bridge” of theory and experiment 

and formed acollaboration to develop a full-fledged event generator for RHIC spin physics. 

So far we have held two workshops. 

1) RHIC Spin Physics 

Date: April 27-29, 1998 

Organizers: Gerry Bunce, Yousef Makdisi, Naohito Saito, Mike Tannenbaum, 

Larry Trueman, and Aki Yokosawa 

The workshop was held following a series of RHIC Spin Collaboration meetings. The 

collaboration consists of theorists, accelerator physicists, and experimentalists. We have 

been discussing: 

a ) how to make the case for RHIC spin physics, 

b) how to realize the RHIC spin experiments, and 

c) how to interpret future experimental data from the RHIC spin experiments. 

The topics discussed in the workshop cover discussions, we held at RHIC Spin 

collaboration, which include gluon, polarimetry, parity violation, transversity, and single 

transverse spin effects. The experiment one of provides a very important opportunity to 

exchange various ideas to explore spin physics at RHIC. 

We are planning to have another in near future. 

2) Physics of Polarimetry at RHIC 
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Date: August 4-7, 1998 

Organizers: Ken’ichi Imai and Doug Fields 

The polarized proton program a.t RHIC will enter the unexplored region of the study of 

pp collisions. To maximize the output of the program, the determination of absolute 

polarization of the proton beam is vlery important. 

Among several methods proposed to measure polarization of the proton beam, the 

measurement using elastic scattering of polarized proton from a thin carbon target in the 

CNI region is one of the promising methods with a precision of -10%. The method is to 

obtain the beam polarization by comparing the measured asymmetry to the theoretical 

calculation. In this workshop, we would like to understand the precision from both 

theoretical and experimental side. 

Although the main topic of this mini-workshop was focused on the p-C CNI 

polarimeter, the large x pion polarimeter and other methods was also discussed. 

The goals of the workshop were: 

0 to come up with concrete experimental methods to identify the reaction at the RHIC 

transfer energy and higher energies, 

0 to identify the size of uncertainty in the theoretical calculation. 

As a result of the workshop, we have completed a proposal of this measurement at AGS 

and approved as E950. 

3) Event Generator for RHIC Spin Physics I and II 

Date: September 21-23, 1998 and March 15-19, 1999 

Organizers: Naohito Saito and Andlreas Schaefer 

The RHIC Spin program will provide a wealth of data allowing to determine a large 

variety of double- and single-spin asymmetries for proton-proton collisions. The physics 

discussion was so far centered around relatively clean observables like e.g. direct photons 

as a tool to measure the polarized gluon distribution. While such measurements are in 
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principle straightforward one needs very good understanding of all background processes to 

realize the maximum quantitative precision. Experience with e.g. the physics at HERA 

shows that such studies require the development of several conceptually different Monte- 

Carlo codes, as only the comparison of such independent event generators seems to allow 

for a realistic estimate of the systematic theoretical errors involved. Furthermore such codes 

are crucial to extract interesting physical quantities from theoretically less clean spin 

asymmetries. Once RHIC Spin data. will be available the development of adequate models 

will probably evolve into an industry, which might also lead to substantial cross- 

fertilization with the development of adequate codes for the description of heavy-ion 

collisions at RI-UC. 

The development and improvement of the required Monte-Carlo codes will certainly 

become an ongoing process during the complete running-time of RHIC, as one will try to 

describe an ever larger number of plrocesses with increasing precision. Our workshop aims 

at getting this process well under way based on first developments in this direction. 

(1) Comparison of the polarized event generator and unpolarized event generator with 

asymmetry weights 

(2) Comparison of event generator and next-to-leading order analytic calculations 

(31 Implementation of new processes such as parity violation due to quark compositeness 

(4) Implementation of new polarized parton distributions 

(5) Polarization effects in fragmentation process 

(6) Intrinsic transverse momentum and parton distributions 

As a result of the first meeting, we have specified the area of the work as follows: 

Studies are underway in these directions and we heard the report of the progress in 

most of the area in the second meeting. We expect to finalize the first phase of the activities 

in coming third workshop. 
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Bguendix 1 

Spin Discuss.ion - List of Topics Discussed 

1997 Discussion Topics 

October 1 

October 7 

October 21 . 

October 28 

November 4 

November 10 

November 18 

December 9 

December 16 

Parity Violation by Basim Kamal and Mike Tannenbaum 

Transversity by :Bob Jaffe 

Single Spin Asymmetries - by Jianwei Qiu 

Polarimetry - by Larry Trueman 

Higher Order Corrections - by Basim Kamal 

General Discussio.n 

Inclusive A-N measurements that can be made at RHIC detectors - 

Videbaek, Qiu 

General Discussion 

General Discussion 

1998 Discussion Topics 

January 13 

January 20 

January 27 

February 3 

February 3 

February 10 

February 24 

February 24 

March 3 

March 10 

March 17 

March 24 

March 3 I 

April 7 

Beyond Standard Model Sensitivity for RHIC by Mike Tannenbaum 

RSUCompass Comparison by Gerry Bunce 

SMC Semi-Inclusive Measurement by Akio Ogawa 

RHIC experiment acceptances by Akio Ogawa 

AGS Polarimeter Experimental Results by Yousef Makdisi 

Resummation by George Sterman 

RSC Meeting Discussion by Naohito Saito 

Gauge Dependence of Delta-G by Bob Jaffe 

Lattice QCD by Shigemi Ohta 

Resummation Continued by George Sterman 

Delta-G from Direct Photons by Chris Allgower 

Gluon Polarization Errors by Yuji Goto and Akio Ogawa 

Gluon Polarization Errors by Akio Ogawa (STAR) 

Machine Polarization Issues by Mike Syphers 
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April 14 

April 14 

April 2 1 

May 5 

May 12 

May 12 

May 19 

May 26 

June 2 . 

June 9 

June 16 

June 30 

June 30 

September 22 

October 6 

October 13 

October 20 

October 27 

November 3 

November 20 

November 24 

Parity Violation at RHIC - Definition of Observables by Jean-Marc Virey 

Gluon Polarization Errors by Yuji Goto (PHENIX) 

Spin at PHOBOS lby Mark Baker 

General Discussion 

Charmonium at PHENIX by Naoki Hayashi 

CP Violation Searches at RHIC by Vladimir Rykov 

W Detection and Measurements at DO (and CDF) by Kathy Turner 

Measurement of Gluon Polarization at PHENIX with Pi0 Production by 

Yuji Goto 

Quarkonium and Spin by Dima Kharzeev 

W Detection and Measurements at DO Continued by Kathy Turner 

Heidelberg Meeting on CNI and Polarimetry by Larry Trueman 

A Recent Test of p-Carbon CNI Polarimetry at Kyoto by Hideto Enyo 

Luminosity Norma.lization for RHIC Spin by Gerry Bunce 

General Discussion 

SPIN98 Conference at Protvino by Naohito Saito and Gerry Bunce 

The p-Carbon CNI Polarimeter Tests and Plans by Yousef Makdisi 

Orbital Angular Momentum in the Proton and Parton Distributions by 

Sergei Bashinsky 

General Discussion. (Topics, Leaders, etc.) 

DNP Meeting at Santa Fe and Symons Medium Energy Report by 

Gerry Bunce 

The 1”’ Half-Day Meeting 

Orbital Angular Momentum and Off-Forward Parton Distributions by 

Xiandong Ji 

Transverse Spin and Transverse Momentum by Daniel Boer 

Could CP- and T-Violation Be Tested in Polarized Proton Collisions at 

RHIC ? by Vladimir Rykov 

. 1999 Discussion Topics 

January 5 General Discussion (Topics, Leaders, etc.) 

January 12 W Charge Asymmetry at the Tevatron by Kathy Turner 
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January 19 

January 26 

February 4 

February 9 

February 16 

February 23 

March 2 

March 9 

March 16 

March 18 

March 23 

Luminosity Measurement by Sebastian White 

Report of Hadron Collider Physics XIII in India by Naohito Saito 

Determining the Gluon Contribution to the Proton’s Spin with STAR by 

Les Bland 

The 2”d Half-Day Meeting 

1) Spin-Flavor Structure of the Nucleon by Joel Moss 

2) CP-Odd Single and Double Spin Asymmetries in W/Z-Production by 

Polarized Hadrons and Leptons by Vladimir Rykov 

Spin Asymmetries in Drell-Yan Production of Lepton Pairs by Werner 

Vogelsang 

Why and How the Nucleon Spin Penetrates into the Glue and the Sea 

Quarks by Edward Shuryak 

Determination of DeltaG in Compass by Matthias Perdekamp 

Spin on Lattice by Thomas Blum 

Transversity and Interference Fragmentation Functions by Bob Jaffe 

Spin Measurements from HERMES by Naomi Makins 

Spin on Lattice II by Shigemi Ohta 
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Appendix 2 

Progress’ Report on CC-J Project 
February 1999 

T. Ichihara, I: Watanabe, H. Enyo, H. Hamagaki and A-f. Ishihara 

Index 

I) Review of the CC-J Proposal by RHIC Computing Advisory Committee 

Meeting 

II) Progress report on R&D for CC-J 

I) Review of the CC-J IProposal by RHIC Computing Advisory 
Committee 

Following the suggestion by Prof. T.D.Lee on the Management Steering Committee 

meeting held in October 1998, the proposal of the CC-J has been submitted to the RHIC 

computing Advisory Committee to be evaluated on the scope, size, construction plan etc. 

The Advisory Committee meeting was held on 3rd-4th December 1998. Related 

documents are attached as follows. 

-Ref. [l] Proposal for PHENIX Computing Center in Japan (CC-J) 

http:Nspin.riken.bnl.gov/ccj/doc/plan/ 

-Ref. [2] Copy of the transparencies used for the presentation of the CC-J 

http:Nspin.riken.bnl.gov/ccj/presentfrev98dec~ 

-Ref. [3] Agenda for the RHIC-Computing Advisory Committee Meeting 

-Ref. [4] RHIC-Computing Advisory Committee Meeting Report 

http://spin.riken.bnl.gov/ccj/doc/plan/review/rev.ps 

-Ref. [5] Action Plan and Response: to the Review Report 
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Ref. [l] is the full report of the proposal of CC-J which was presented at the Advisory 

Committee. Ref. [2] is the copy of the transparencies used for the presentation of the CC- 

J proposal at the Advisory Committee meeting. Ref. [3] is the agenda for the meeting. 

Ref. [4] is the RHIC Computing Advisory Committee Meeting Report issued by the review 

committee. Ref. [S] is a brief summary of our response to the comments and 

recommendations of Ref. [4]. 

Presentation of the CC-J Proposal1 

The CC-J proposal was presented by three people 1) Prof. Bill Zajc, the spokesman of 

the PHENIN. who stressed the importance of the CC-J from the standpoint of the entire 

PHENIX collaboration, 2) Prof. Hlideto En’yo from Kyoto Univ., an EC member of 

PHENIX representing the spin physics program explained the role and CC-J in terms of the 

entire PHENIX Japanese Collaboration, and finally 3) Dr. Takashi Ichihara from RIKEN 

and RBRC, the designated manage:r of planning and coordination offtce of CC-J who 

described the scope, requirements, system configuration of CC-J plan including the 

construction schedule of CC-J over the three years of period beginning in JFY 1999. 

Review Report by the Committee 

The review committee has issued a report entitled “RHIC-Computing Advisory 

Committee Meeting Report” (Ref 4]), in which their review summary on the CC-J proposal 

was included. This report involves following review items on the CC-J proposal: abstract, 

findings, comments and recommendations. As for the findings, the report has first 

appreciated that this proposal lhas been endorsed strongly by the PHENIX 

collaboration. It also points out several findings concerning such as place, transfer data 

rate per year, size, data duplication, construction plan and operation plans, with regards to 

the specifications of the proposal of Ref. [ 11. As for the comments, it is first stated that 

the purpose and scale of the facility appear to be appropriate for PHENIX. Some 

technical comments concerning the tape bandwidth, HPSS operation staffing, data servers, 

data transfer method etc. are added. This report has also made the recommendations about 

the data import/export facility, the choice of tape drive & media, importance of the data 

duplication, staffing of the HPSS. 
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Action Plan and Response to the Review Report 

1) Receiving the endorsement and encouragement of the review committee, we wish and 

plan to make the best effort to realize the CC-J at the size and scope of the proposed plan of 

Ref. [l]. 

2) As for the comments and recommendations, we have identified the problems and found 

that they are solvable rather easily with those measures as summarized in Ref. [5] 

II) Progress report on R&D fbr CC-J 

1) R&D for CC-J and Plan for the CC-J front-end station at RBRC 

R&D for CC-J are planned to be completed for two years period beginning in JFY 1998. 

The purpose of this R&D is as follows: 1) to confirm the feasibility of the proposed scheme 

of CC-J by constructing the prototype and evaluating its performance. 2) to develop an 

appropriate system for data duplication at RCF. After the R&D that will be completed in 

2000, These prototype systems will serve as the CC-J front-end station at the RCF. 

2) Plan and Progress for JFY 1998 

In JFY 1998, R&D for the following two items for construction are planned 1) 

prototype of the CPU farm 2) prototype of the data duplicating facility. As for the item l), 

the prototype of the CC-J, which consists of 16 units of Pentium II CPU and a dedicated 

file server was completed in October 1999. The CPU farm is running well so far, and 

necessary software environments are almost established. The event-generation program 

PYTHIA is running successfully and MDC2 (second trial of Mock Date Challenge from the 

raw date to the physics analysis) will be performed in this prototype soon. For the item 2), 

extensive studies for the data duplication system have been carried out including the cost 

optimization. We are about to purchase a tape drive unit and its server computer for the 

further R&D works. This part of the system will be installed by March 1999 and the test of 

the data duplication and exportation will be followed. The schematic diagram for these 

prototype machines can be found in “R&D for CCJ” session in Ref. [2] 
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&mendix 3 

Publication List 

Papers 

“RHIC Spin Physics” 

N. Hayashi, Y. Goto, N. Saito, Proc. 6th Int. Workshop on Deep Inelastic Scattering and QCD 

(DIS98), GH. Coremans and R. Fbosen (eds.) (World Scientific), Brussles (1998) 675-679. 

“High-Energy Spin Physics at RHIC”(Japanese) 

N. Saito, Genshikakku Kenkyu, Vol. 42, NO. 4 (1998) 

RIKEN-AF-NP-283, Jun 1998. 7pp. 

“The PHENIX Experiment and PHENIX-J activities” 

H. Hamagaki, N. Saito, Nucl. Phys. News 8 (1998) No. 4 26-30. 

“Spin Physics with the PHENIX Detector System” 

N. Saito et al, Nucl.Phys.A63857!i-578 (1998) 

RIKEN-AF-NP-282, May 1998, e-Print Archive: hep-ex/9805003 

“The PHENIX Experiment at RHIC” 

D.P. Morrison et al, Nucl.Phys. A638 565-570 (1998) 

BNL-65385, Apr 1998, e-Print Archive: hep-ex/9804004 

“Measurement of Single Spin Asymmetry in Eta Meson Production in p(polarized)p and anti-p(polarized)p - 

Interactions in the Beam Fragmentation Region at 200 GeV/c” 

FNAL-E704, D.L. Adams et al., Nucl. Phys. B510, 3-1 I (1998) 

“High-Energy Spin Physics and RIKEN BNL Research Center”(Japanese) 

N. Saito, Parity (in Japan), Vol. 1:3, No. 12 (1998) 108- 109. 
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Proc. RIKEN symposium on ‘Quarks and Gluons in the Nucleon’ 

T.-A. Shibata and K. Yazaki (eds.),’ BNL-65234 (1997) 

Proc. Workshop on Event Generator for RI-IX Spin Physics, 

N. Saito and A. Schaefer (eds.) BNL BNL-66116 (1998) 

Proc. Winter School on ‘Structure of Hadrons -Introduction to Hard QCD Processes’ 

N. Saito, T.-A. Shibata, K. Yazaki, (eds.) 

Proc. of RIKEN BNL Research Center Workshop series Shimoda Japan (1998). 

“QCD Selection Rules in Polarized Hadron Collisions*’ 

R.L Jaffe and N. Saito Phys. L&t. B382, 165-172 (1996) 

Oral presentation at the international symposiums and workshops 

“Prompt Photon at PHENIX” 

RBRC Workshop on RHIC Spin IPhysics 

Y. Goto, BNL, Upton, New York, Apr. 1998 

“Uncertainties in Delta-G Measurement at PHENIX” 

RBRC Workshop on RHIC Spin Physics 

Y. Goto, BNL, Upton, New York, Apr . 1998 

“Gluon Polarization Measurement with Photon Detection at PHENIX” 

13th International Symposium on High Energy Spin Physics 

Y. Goto, IHEP Protvino, Russia, !iep. 1998 

“The Performance of PHENIX EM Calorimeter for Spin Physics” 

APS Meeting, Division of Nuclear Physics 

Y. Goto, Santa Fe, New Mexico, Ott . 1998 

“Photons in Polarized pp Collisions at PHENX” 
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Y. Goto, RBRC Workshop on Hard Parton Physics in High-Energy Nuclear Collisions 

BNL, Upton, New York, Mar. 1999 

“RHIC Spin Physics” 

Naoki Hayashi, hrtemational Workshop on Deep Inelastic Scattering and QCD(DIS 98), Brussels, 

Belgium, Apr. 1998 

“J/psi production in pp collision at PHENIX” 

N. Hayashi, Y. Goto, K. Ku&a, and N. Saito RHIC Spin Physics Workshop, 

RIKEN BNL Research Center, USA, 27-29 Apr. 1998 

“PHENIX Spin Physics” 

Workshop on Event Generator for RHIC Spin Physics, 

N. Hayashi’ RIKEN BNL Research Center, Sep. 1998 

“RHIC Spin Program” 

The Recent and Future Studies on the Nucleon Spin, 

N. Hayashi, Nagoya, Univ., Japan, Nov. 1998 

“RHIC Spin Program” 

N. Hayashi, RIKEN Winter School, Shimoda, Japan. Dee . 1998 

“Plan for the PHENIX Computing Center in Japan” 

T. Ichihara, RHIC-Computing Advisory Committee Meeting, BNL, 3-4 Dec. 1998 

“PHENIX computing Center in Japan” 

T. Ichihara, RHIC Spin-J Physics Discussion, RIKEN Feb. 24th, 1999 

“CNI Polarimeter for RHIC” 

Ken’ichi Imai, RBRC Workshop on RHIC Spin Physics, BNL, Aug. 1998 

‘Proton-Carbon CNI Polarimeter with MCP 

K. Imai, RBRC Workshop on Physics on Polarimetry at RHIC, BNL, Aug. 1998 
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iUK?WBNL Research Center 
Brookhaven National Laboratory 

Physics Department 
Up,ton, NYI1973-5000, USA 

“Inhxxiuction to 1.5 day mini-workshop on Gluons at RI-IV 

N. Saito, RIKEN BNL Research Center Workshop on RHJC Spin Physics, Apr. 1998. 

“Measurement of Anti-quark Polarization at PHENIX” 

N. Saito, RIKEN BNL Research Center Workshop on RHIC Spin Physics, Apr. 1998 

“Introduction to Event Generator Workshop” 

N. Saito, RIKEN BNL Research Center Workshop on Event Generator for RHIC Spin 

Physics, Sep. 1998 

“Physics at RHJC - status of the heavy ion collider-“ 

N. Saito, Hadron Collider Physics XIII, TIF’R, India, Jan 14-20, 1999 

“RHIC Spin Physics - from structure to physics beyond standard model” 

N. Saito, The 5th ICEPP Symposium, February 23, 1999 

“Study of Spin-Flavor Structure of the Nucleon with PHENIX” 

N. Saito, RIKEN BNL Research Center Workshop on 

“Hard Parton Physics in High-Energy Nuclear Collisions” March 1999. 

“Introduction to Event Generator Workshop” 

N. Saito, RIKEN BNL Research Center Workshop on Event Generator for RHIC Spin Physics II 

“RHIC Spin Physics - from structure to physics beyond standard model” 

N. Saito, IUCF Seminar, Indiana lJniversity, October 1998 

“Simulation of J/Psi production in pp collision of PHENIX” 

Sakuma et al, Fall Meeting of the Japanese Physical Society, Akita 

University, October 1998 

“Construction of MuID panel for RHIC PHENIX” 

H. Sato et al, Spring Meeting of the Japanese Physical Society, 



RIM,BNL Research Center 
Brookhaven National Laboratory 

Physics DeparWent 
Upton, NYII973-5000, USA 

Toho University, Funabashi, Japan, March 1998 

“Polarized Parton Distributions and Event Generator” 

T.-A. Shibata, Event Generator Workshop, BNL, 1998 

“Experimental Informations on the Inelastic Scattering” 

T.-A. Shibata, RSC meeting on FHIC Spin Physics, BNL, 1998 

“Quarkonium Productions”, 

T.-A.. Shibata, Event Generator Workshop, BNL, 1999 

“RHIC-SPIN” 

A. Taketani, RCNP Workshop for Spin Physics 

RCNP, Osaka University, Osaka, Japan, August 1998 

“Construction of MuID panel for RHIC PHIENIX II” 

E. Taniguchi et al, Fall Meeting of the Japanese Physical Society, 

Akita University, Akita, Japan, October 1998 

“Test experiment of CNI polarimetry with Kyoto Tandem accelerator” 

J.Tojo, RBRC Workshop on Physics of Polarimetry at RHIC, BNL, Aug. 1998 
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FELLOWS AND POSTDOCS 

Alexander V. Bazilevsky Birthplalce: Yaroslavl, Russia DOB: May lo,1968 
Ph.D. 1999, Institute for High Energy Physics, Protvino, Russia 
Experience: Scientific Researcher, IHEP, Protvino, Russia 

Research Collaborator, BNL PHENIX 
RIKEN BNL Research Associate, March 1, 1999 - present 

Thomas C. Blum Birthplace: USA DOB: December 27,1962 
Ph.D. 1995, University of Arizona, Tucson, AZ 
Experience: Postdoctoral Fellow, High Energy Theory Group, BNL 

RIKEN BNL Fellow, October 1, 1998 - present 
Awards and Hpnors: DOE-GANN Fellowship: August 1990 - May 1993 

Dan%1 Boer Birthplace: The NetherlandsDOB: July 8, 1969 
Ph.D. 1998, National Institute for Nuclear Physics and High Energy Physics, Amsterdam 
Experience: RIKEN BNL Research Associate, October 1998 - present 

Hirotsugu Fujii Birthplace: Yamaguchi, Japan DOB: November 1,1968 
Ph.D. 1996, Kyoto University,, Kyoto, Japan 
Experience: Research Fellow of JSP.A; Tokyo Metropolitan U., Hachioji, Japan 

RIKEN BNL Research ,4ssociate, September 1997 - present 
Awards and Honors: Scholarship, Sch.olarship Foundation of Japan Stock companies (Nihon 

shoken shogaku zaidan); Scholarship in honors of Y.S. Kuno, awarded by 
Tohoku University 

Matthias 
Grosse-Perdekamp Birthplace: Schermingen, Germany DOB: December 1, 1963 
Ph.D. 1995, University of California at Los Angeles 
Experience: Associate Research Scientist at Yale University 

Instructor at Yale University 
Visiting Scientist at BNIL and LANL 
Associate Research Scientist, Institute for Nuclear Physics, Johannes Gutenberg 
University Mainz, Germany 
Member of COMPASS collaboration at CERN, Geneva, Switzerland 
RlKEN BNL Fellow, January 1999 - present 

Awards and Honors: Foreign scholar award, tuition fellowship at UCLA; 
“Gustav Mie Preis,” for best “Diplomarbeit” in physics at Freiburg 
University 
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Dmitri E. 
Khaneev Birthpkace: Tomsk, Siberia, Russian DOB: September 6, 1963 
Ph.D. 1990, Moscow State University 
Experience: Invited Researcher at INFN, Pavia, Italy, Staff Member at Nuclear Physics Institute 

of Moscow State University 
Scientific Associate at CERN Theory Division, Research Associate at Bielefeld U., 
Department of Physics, Germany 
RIKEN BNL Fellow, August 1997 to present 

l RHIC 1999 
Awards and Honors: The Student’s Research Work Year Prize, 

All-USSR competition (Novosibirsk, 1985) 

Alexander Kusenko Birthplace: Simferopol, Ukraine March 1966 
Ph.D. 1994, State University of New Stony Brook 

of Pennsylvania; Fellow, Theory 
Division, UCLA 
l RHIC Physics Fellow/Assistant Physicist (Offer)--RBRC/UCLA, Fall 1999 

Awards and Honors: Peter Kahn Fellowship, Sigma Xi Award for Excellence in Research, Sigma 
Xi Society Award, President’s Award to a Distinguished Doctoral Candidate 

Yasushi Nara Birthplace: Akita, Japan DOB: February 7,1966 
Ph.D. 1996, Hokkaido University, Japan 
Experience: JSPS Postdoctoral Fellow in Hokkaido University, Japan 

Postdoctoral Fellow in Japan Atomic Research Institute, Tokai, Japan 
Collaborator at BNL (K.. K. Geiger and R. Longacre) 
RIKEN BNL Research Associate, October 1999 

Awards and Honors:DOE-GANN Fellowship: August 1990 - May 1993 

Dirk Rischke Birthplace: Frankfurt, Germany DOB: October 25,1964 
Ph.D. 1993, Johann Wolfgang Goethe University, Frankfurt, Germany 
Experience: Visiting Postdoctoral Research Scientist at the Physics Department, Columbia 

University; Visiting Assistant Professor at the Department of Physics, Duke 
University, Durham, N.C. 
RIKEN BNL Fellow, September 1997 to present 

Awards and Honors: Diploma scholarship from the “Studienstiftung des deutschen Volkes; 
Ph.D. scholarship from the Studienstiftung des deutschen Volkes 
Feodor-Lynen scholarship from the “Alexander von Humboldt-Stiftung” 

Shoichi Sasaki Birthplace: Tokyo, Japan DOB: May 31,196s 
Ph.D. 1997, Osaka University, Japan 
Experience: Research Fellow of JSPS, Yukawa Inst. Theor. Physics, Kyoto U., Japan 

RIKEN BNL Research Associate, September 1998 to present. 



Jiirgen 
Schaffner-Bielich Birthplaee: Frankfurt, Germany DOB: October 22, 1966 
Ph.D. 1994, University of Frankfurt, Germany 
Experience: Research Associate at the Niels Bohr Institute, Copenhagen, Denmak; 

Visiting Research Scholar at LBNL, Berkeley, CA 
RIKEN BNL Research Associate, September 1998 - present 

Awards and Honors: Study award of the WE-Heraeus Stiftung, Germany; 
Ph.D. Stipend of the Graduiertenkolleg; P.A.M. Dirac Conference 
Fellowship; European Research Fellow of the European Community; 
Feodor Lynen Fellow of the Humboldt Stiftung, Germany 

Thomas M. Schaefer B’irthplace: Hanau, Germany DOB: May 18, 1965 
Ph.D. 1992, University of Regensburg 
Experience: Postdoctoral Research Associate, State University of New York at Stony Brook 

Postdoctoral Research Associate Institute for Nuclear Theory, University of 
Washington; Member Institute for Advanced Study, Princeton; 

l RHIC Physics Fellow/Assistant Professor--RBRC/ SUNY, Stony Brook, 
January 2000 

Awards and Honors: Member, Studienstiftung des deutschen Volkes; 
Fellowship, German Academic Exchange Service 
Feodor Lynen Fellowship, Alexander v. Humboldt Foundation 

Dam Thanh Son Birthplace: Hanoi, Vietnam DOB: May 30,1969 
Ph.D. 1994, Institute for Nuclear Research of the Russian Academy of Sciences, Moscow 
Experience: Postdoctoral Research Associate at University of Washington 

Postdoctoral Research Fellow, Center for Theoretical Physics, Massachusetts 
Institute of Technology, Cambridge 
l RHIC Physics Fellow/A.ssistant Professor--RBRC/ Columbia University, New 
York, Fall 1999 

Mikhail Stephanov Birthplace: Russia DOB: April 19, 1966 
Ph.D. 1994, Oxford University, U.K. 
Experience: Postdoctoral Research Associate, U. of Illinois at Urbana-Champaign 

Postdoctoral Research Associate, ITP, SUNY at Stony Brook 
l RHIC Physics Fellow/Assistant Professor (Offer)--RBRC/ 
University of Illinois at Chicago, Fall 1999 

Awards and Honors: Soros Scholarship, Overseas Graduate Scholarship from Jesus College, 
Oxford 
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Tilo Wettig 
Ph.D. 
Experience: 

Birthplace: Germany DOB: December 12,1966 
1994, State University of New York, Stony Brook 
Research Associate, Nuclear Theory Group, SUNY, Stony Brook; 
Research Associate, Max-Planck-Institute for Nuclear Physics, Heidelberg 
Research Associate, Institute for Theoretical Physics, Technical University of 
Munich; External Scientific Associate, Max-Planck-Institute for Nuclear Physics, 
Heidelberg 

l RHIC Physics Fellow/Assistant Professor--RBRC/ Yale University, Fall 1999 
Awards and Honors: 1st Prize, National Physics Olympiad, East Germany 

Scholar of the “Studienstiftung des deutschen Volkes” 

Matthew B. Wingate Birthplace: U.S.A. DOB: January 21, 1970 
Ph.D. 1997, University of Colorado, Boulder, CO 
Experience: RIKEN BNL Research Associate, September 1997 to present 

Yoshiaki Yasui Birthplace: Japan DOB: December 5, 1966 
Ph.D. 1996, Hiroshima University, Japan 
Experience: Fellowships of the Japan Society for the Promotion of Science for Japanese 

Junior Scientists, Hiroshima University 
RIKEN BNL Research Associate, September 1997 to present 
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EXPERIMENTAL COLLABORATORS 

Kazuyoshi Kurita Birthplace: Tokyo, Japan DOB: August 11,1963 
Ph.D. 1992, Columbia University, New York 
Experience: June, 1991 Research Associate, Univ. of Tsukuba 

April 1994 Assistant Prof., Univ. of Tsukuba 
April 1997 Postdoctoral Researcher, RIKEN 
Oct. 1997 Special Postdoctoral Researcher, RIKEN 

Awards and Honors: Educational Re:search Award, Tsukuba Gakuto Foundation, July 1992 

Naohito Saito Birthplace: Aornori, Japan 
1995, Kyoto University, Japan 

DOB: November 28,1964 
Ph.D. 
Experience: 1992 July JSPS Fellowship (-1995 March) 

1995 April RIKEN Special Post Doctoral Fellow (1996 March) 
1996 April RIKEN Researcher 

Yasushi Watanabe Birthplace: Tokyo, Japan 
Ph.D. 1993, University of Tokyo 
Experience: 199 1 -present, Scientific Researcher, RIKEN 

Research Collaborator, PHENIX 

DOB: February 12,196l 
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RIKEN BNL Research Center 
Publication List 
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1. H. Fujii and H. Shin, “Dilepton Production in Meson Condensed 
Matter,” Prog. Theor. Phys. 98,1139 (1997). 

2. K. Bora, and R. L. Jaffe “‘The Double Scattering Contribution to 
bl(x, Q2) in the Deuteron,“[ he:p-ph/97113213]; Phys. Rev. Dg 6906 (1998). 

3. R. L. Jaffe, X. Jin and J. Tang, “Interference Fragmentation Functions 
and Valence Quark Spin Distributions in the Nucleon,” 
[hep-ph/9710561, BNL-664511; Phys. Rev. Dz 5920 (1998). 

4. R. L. Jaffe, “Can Transversity Be Measured”? [hep-ph/9710465] to 
appear in the Proceedings of Deep Inelastic Scattering off Polarized Targets: 
Theory Meets Experiment, DE%, Zeuthen, September 1997. 

5. R. L. Jaffe, X. Jin and J. Tang, “Interference Fragmentation Functions 
and the Nucleon’s Transversity,” Phys. Rev. Lett. @,1166 (1998). 

6. D. Kharzeev, “Charmonium Suppression in Nuclear Collisions,” 
Proceedings of the Quark-Gluon Plasma School, Hiroshima, eds. M. Asakawa, 
T. Hatsuda, T. Matsui, 0. Miyamura and T. Sugitate; Progress of 
Theoretical Physics Suppleme.nt No. 129,73-81 (1997). 

7. D. Kharzeev, “Quarkonium Production in Nuclear Collisions,” to 
appear in the Proceedings of the Color Transparency Workshop, Grenoble, 
France, 1997, p. 45, eds. J.-F. Mathiot and E. Voutier. 

8. D. Kharzeev, “The Char:m of Nuclear Physics,” in Proceedings of Non- 
Equilibrium Many Body Dynamics, eds. M. Creutz and M. Gyulassy, RIKEN 
BNL Research Center, 1997, p. 37. 

9. D. Kharzeev, “Theoretical Interpretations of J/u/ Suppression, A 
Summary,” Proceedings of Quark Matter ‘97, Tsukuba, Japan, Nucl. Phys. 
A638,279c-290~ (1998). 
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10. D. Kharzeev, “Production of Heavy Mesons,” in Proceedings Quarks 
and Gluons in the Nucleon, Walko, Japan, eds. T. Shibata and K. Yazaki, 
RIKEN BNL Research Center,. 1997, p. 67. 

11. S. E. Vance, Y. Csijrgo, and D. Kharzeev,” Observation of Partial 
U*(l) Restoration from Two-Pion Bose-Einstein Correlation,” [nucl- 
th/9802074]; Phys. Rev. Lett. 151, No. 11,2205-2208 (1998). 

12. R. D. Mawhinney, “The QCD Hadron Spectrum and the Number of 
Dynamical Quark Flavors,” Nucl. Physics @A-C (Proc. SuppE), 212 (1998). 

13. R. D. Mawhinney and C. Jung, “An Investigation of Semiclassical and 
Monopole Confinement Mechanisms,” in preparation. 

14. D. Rischke, “Instabilities and Inhomogeneities in the Early Stage of 
Ultrarelativistic Heavy-Ion Collisions,” in Proceedings of Non-Equilibrium 
Many Body Dynamics, eds. M. Creutz and M. Gyulassy, RIKEN BNL 
Research Center, p. 47,1997. 

15. J. Kodaira, T. Nasuno, H. Tochimura, K. Tanaka, and Y. Yasui, 
“Renormalization of the Twist-3 Flavor Singlet Operators in a Covariant 
Gauge,” to appear in the Proceedings of Deep Inelastic Scattering off Polarized 
Targets: Theory Meets Experiment, DESY, Germany, 1997. 

16. J. Kodaira, T. Nasuno, H. Tochimura, K. Tanaka and Y. Yasui, 
“Renormalization of Gauge-Invariant Operators for the Structure Function 
g,(x, Q2),” Prog. Theor. Phys. 99,315 (1998). 

17. D. H. Rischke, “Forming Disoriented Chiral Condensates Through 
Fluctuations,” [nucl-th/98060,45]; Phys. Rev. C58,2331 (1998). 

18. A. Dumitru, D. H. Risch.ke, “Collective Dynamics in Highly 
Relativistic Heavy-Ion Collisions,” [nucl-th/9806003]; Phys. Rev. C59,354- 
63 (1999). 

19. D. H. Rischke, “Fluid Dynamics for Relativistic Nuclear Collisions,” 
[nucl-th/9809044], Pvoc. of the 11 Chris Engelbreckt Summer School in 
Theoretical Physics: Hadrons in Dense Matter and Hadrosyntkesis, Cape Town, 
South Africa, Feb. 4-13,1998, ILecture Notes in Physics, Eds. Jean 
Cleymano, H.B. Geiger, F. G. !Scholtz, Springer, pp. 21-70,1999. 
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20. D. H. Rischke, “Dynamics of Classical Yang-Mills Fields in 
Ultrarelativistic Nuclear Collisions,” Proc. Of the 3rd Workshop on 
“Continuous Advances in QCD,,” Minneapolis, MN, April 16-19,1998. 

21. S. Kim and S. Ohta, “Quenched Staggered Light Hadron 
Spectroscopy from 483 x 64 at p = 6.5,“ Proc. “Lattice ‘97,” Edinburgh, UK, 
1997, [hep-lat/9712014], Eds. C.T.H. Davies et al; Proc. Suppl. Nuclear 
Physics B& 185-187 (1998). 

22. T. D. Lee, “Generalization of Soluble Gauge Model with Gribov 
Copies,” to appear in Proceedings of the Third Continuous Advances in QCD 
Workshop dedicated to the memo y of V. N. Gribov. Minneapolis, April 16-19, 
2998. 

23. T. D. Lee, “Locality and Beyond,” to appear in Proc. Sid Drell 
Symposium, SLAC, August 1998. 

24. H. Fujii and D. Kharzeev, “Long-range Interactions of Small Color 
Dipoles,” [hep-ph/9807383]; tlo appear in Proceedings 3rd Continuous 
Advances in QCD Workshop, Minneapolis, MN, April 16-19,1998. 

25. Tom Blum, Amarjit Soni, and Matthew Wingate, “Light Quark 
Masses Using Domain Wall Fermions,” [hep-lat/9809065], to appear in 
Proceedings Lattice ‘98, Boulde.r, Colorado, 1998. 

26. C. Bernard, T. DeGrand,, C. DeTar, Steven Gottlieb, Urs M. Heller, 
J. E. Hetrick, N. Ishizuka, C. McNeile, R. Sugar, D. Toussaint, and 
M. Wingate (MILC Collaboration), “Lattice Determination of Heavy-Light 
Decay Constants,” [hep-ph/9806412], Phys. Rev. Lett. 8l, 4812-4815 (1998). 

27. T. Blum, “Domain Wall Fermions in Vector Gauge Theories,” 
[hep lat/9810017], to appear i:n Proceedings Lattice ‘98, Boulder, Colorado, 
1998. 

28. Shigemi Ohta and Matthew Wingate, “SU(4) Pure-gauge String 
Tensions,” [hep-lat/9808022]; to appear in Proceedings Lattice ‘98, Boulder, 
Colorado, 1998. 
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29. C. Bernard, T. DeGrandl, C. DeTar, Steven Gottlieb, Urs M. Heller, 
J.E. Hetrick, N. Ishizuka, C. McNeile, R. Sugar, D. Toussaint, and 
M. Wingate (MILC Collaboration), “Heavy-Light Decay Constants: 
Conclusions from the Wilson Action,” [hep-lat/9809109] to appear in 
Proceedings of Lattice ‘98 , Boulder, Colorado, 1998. 

30. S. Kim and S. Ohta, “Chiral Limit of Light Hadron Mass in Quenched 
Staggered QCD,” [hep_lat/9809184]; to appear in Proceedings Lattice ‘98, 
Boulder, Colorado, July 13-18,1998. 

31. D. Kharzeev, R. D. Pisarski, and M. Tytgat, “Possibility of 
Spontaneous Parity Violation in Hot QCD,” Phys. Rev. Lett. 81, No. 3, 
512-515 (1998). 

32. D. Kharzeev, R. D. Pisarski, and M. Tytgat, “Parity-odd Bubbles in 
Hot QCD,” [hep-ph/9808366]; to appear in Proc. Continuum Advances in 
QCD, Minneapolis, 1998. 

33. D. Kharzeev, “Summary,” Workshop on Quarkonium Production in 
Nuclear Collisions: Summary,,” [hep-ph/9812214]; to appear in Proc. 
Quarkonium Production, Seattle, May ll-15,1998. 

34. T. D. Lee, “Generalization of Classical Yang-Mills Fields in Ultra- 
relativistic Nuclear Collisions,,” to appear in Proc. 3rd Workshop on 
Continuous Advances in QCD, Minneapolis, 1998. 

35. S. Sasaki and 0. Miyamura, “Lattice Study of U(l), Anomaly: The 
Role of QCD-Monopoles,” [hep_lat/9810039, BNL-664431; Phys. Lett. B443, 
331-337 (1998). 

36. A. J. Baltz, Alfred Scharff Goldhaber, and Maurice Goldhaber, “The 
Solar Neutrino Puzzle: An Oscillation Solution with Maximal Neutrino 
Mixing,” Phys. Rev. Lett. 81,573O (1998). 

37. A. J. Baltz and L. McLerran, “Two Center Light Cone Calculation of 
Pair Production Induced by Ultrarelativistic Heavy Ions,” Phys. Rev. C58, 
1679 (1998). 
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38. E. Farhi, N. Graham, P. Haagensen, R. L. Jaffe, “Finite Quantum 
Fluctuations About Static Field Configurations,” [hep-th/9802015], 
Phys. Lett. B427,334-342 (1998). 

39. D. Chen, P. Chen, N. Christ, R. Edwards, G. Fleming, A. Gara, 
S. Hansen, C. Jung, A. Kaehler, A. Kennedy, G. Kilcup, Y. Luo, 
C. Malureanu, R. Mawhinney, J. Parsons, C. Sui, I?. Vranas, Y. Zhestkov, 
“Status of the QCDSP Project,” [hep-lat/9810004]; to appear in Proceedings of 
Lattice ‘98 , Boulder, Colorado, 1998. 

40. P. Chen, N. Christ, G. Fleming, A. Kaehler, C. Malureanu, 
R. Mawhinney, G. Siegert, C. Sui, I?. Vranas, Y. Zhestkov, “Quenched QCD 
with Domain Wall Fermions,” [CU-TP-915, hep-lat/9811026]; to appear in 
Proceedings of Lattice ‘98 , Boulder, Colorado, 1998. 

41. I?. Chen, N. Christ, G. Fleming,,A. Kaehler, C. Malureanu, R. 
Mawhinney, G. Siegert, C. Sui, I?. Vranas, Y. Zhestkov, “The Anomaly and 
Topology in Quenched, QCD above T,” [CU-TP-9131; to appear in 
Proceedings of Lattice ‘98, Boul(der, Colorado, 1998. 

42. P. Chen, N. Christ, G. Flleming, A. Kaehler, C. Malureanu, 
R. Mawhinney, G. Siegert, C. Sui, I?. Vranas, Y. Zhestkov, “The Domain 
Wall Fermion Chiral Condensate in Quenched QCD,” [CU-TP-913, 
hep lat/9811013]; to appear in Proceedings of Lattice ‘98 , Boulder, Colorado, 
1998. 

43. D. Kharzeev, “J/w Suppression as an Evidence for Quark-Gluon 
Matter,” to appear in the Proce,edings of the XXX International School on 
Subnuclear Physics, Erice 1998, Eds. G’t Hooft, G. Veneziano and A. 
Zichichi. 

44. D. Kharzeev, “Quarkonium as a Probe of QCD Matter,” to appear in 
Proc. Intl. Phys. Conf., Paris, 1998, Nucl. Phys. A. 

45. D. Kharzeev, H. Satz, A. Syamtomov, G. Zinovjev, “J/w 
Photoproduction and the Gluon Structure of the Nucleon,” [hep- 
ph/9901375], Dec. 1998, European J. Phys. C (in press). 
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46. D. Kharzeev and J. Ellis, “The Glueball Filter in Central Production 
and Broken Scale Invariance,” [hep_ph/9811222], Phys. Lett. B. (submitted). 

47. R. D. Pisarski and D. Rischke, “A First Order Transition and Parity 
Violation in a Color Superconductor,” [nucl-th/9811104]; Nov. 1998, Phys. 
Rev. Letters .(submitted). 

48. J. T. Lenaghan and D. Rischke, “The O(N) Model at Finite 
Temperature: Renormalization of the Gap Equations in Hartree and Large- 
N Approximation,” [nucl-th/9901049], Phys. Rev. C (submitted). 

49. S. Sasaki and 0. Miyamura, “Topological Aspect of Abelian Projected 
SU(2) Lattice Gauge Theory,” ]:hep-lat/9811029, BNL-664441, Phys. Rev. D. 
59-094507-l-7 (1999). 

50. J. Schaffner-Bielich and J. Randrup, “DCC Dynamics with the SU(3) 
Linear Sigma Model,” [nu&th/9812032] Feb. 1999, Physical Review C (in 
press). 

51. K. Schertler, S. Leupold ,and J. Schaffner-Bielich, “Neutron Stars and 
Quark Phases in the NJL Model,” [astro-ph/9901152], Jan. 1999, Physical 
Review C (submitted). 

52. T. Blum, A. Soni, and M. Wingate, “Calculation of the Strange Quark 
Mass Using Domain Wall Ferrnions,” [hep-lat/9902016], Phys. Rev. D 
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53. T. Blum, “QCD with Domain Wall Quarks,” to appear in Proceedings 
YK1S ‘98, Kyoto, Japan. 

54. D. Boer, “Investigating the Origins of Transverse Spin Asymmetries 
at RHIC,” [hep-ph/9902255], F’eb. 1999, Physical Review D (accepted). 

55. R. L. Jaffe and D. Kharzeev, “X2 Production in Polarized pp Collisions 
at RHIC: Measuring AG and Testing the Color Octet Model,” [hep- 
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56. H. Fujii and D. Kharzeev, “Long-Range Forces of QCD,” [hep- 
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57. D. Kharzeev, “Observables in J/w Production,” to appear in 
Proceedings of Quarkonium Production in Relativistic Nuclear Collisions, Ed. D. 
Kharzeev, RIKEN BNL Research Center, 1999. 

58. R. Pisarski and D. H. Rischke, “Superfluidity in a Model of Massless 
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Speakers: 

A. Bazilevsky T. Blum D. Boer 
G. Bunce N. Christ 
M. lshihara D. Kharzeev 

F. z;;;;e Perdekamp 

T. D. Lee R. Mawhinney D: Rischke 
N. Saito N. P Samios S. Sasaki 
J. Schaff ner-Bielich Y. Watanabe M. Wingate 
Y. Yasui 

Organizers: T.D. Lee and NJ? Samios 


